Additional index words. fixed costs, fruit size, management labor, pay-back period, profit, Prunus persica, unit price Abstract. Peach trees trained to modified spanish bush (MSB) and Y-trellis (Y) were evaluated and compared in the Mediterranean settings of southern Italy. The observations included two peach (Rich May and Summer Rich) and two nectarine (Big Bang and Nectaross) cultivars. In the MSB system, trees were spaced at 4.5 3 2.5 m (888 trees/ha), whereas in the Y system, trees were spaced at 5.5 3 2 m (909 trees/ha). Costs at planting, yield per tree, fruit size grade, unit price of sold peaches for each size grade, amount and cost of materials and labor for cultural management, and grower's profit were quantified throughout all 6 years from planting and at full crop (year 4-6). Fixed costs of the MSB system were 45% lower at planting, 11% lower for fertilization, and 33% lower for pest control than in the Y system. Regardless of cultivar, the MSB system reported 19% lower yields, 29% less management labor, and 12% higher labor efficiency (kg fruit/h) than the Y system. The yield gap between the two systems tended to decrease after the 5th year. A greater percentage of fruit fell into large size categories in the MSB than in the Y system. Fruit unit value and yearly profit were similar in the two systems. Even for the most profitable cultivar under the Y system (i.e., Nectaross), the time needed to pay off the additional investment for establishing a Y by its additional profit was ' '11 years, indicating an advantage of the Y system over the MSB only by the 12th year from planting. Yield trends, along with the high initial investment and management labor and costs in the Y system, indicate better financial performance and more sustainable production in the MSB than in the Y system.
Over the past 50 years, several planting systems for peach [Prunus persica (L.) Batsch.] orchards have been developed to reach high early yields and improved fruit quality. In the 1980s and 1990s, orchard planting systems were based on high tree densities ranging from 1000 to 1500 trees/ha (Loreti and Massai, 2002) . However, increasing planting density alone does not provide an efficient tool to increase yield and improve fruit quality, as planting density and yield are not linearly related and a threshold can be found beyond which a further increase in density may not result in greater yield (Sansavini and Corelli-Grappadelli, 1997) . Indeed, with age high-density orchards may pose serious problems for canopy management and ultimately compromise fruit quality (Caruso et al., 1999; Jackson, 1980; Marini et al., 1991; Policarpo et al., 2006) .
Over the past 30 years, double wall systems such as Tatura trellis and its variants [Y-trellis (Y) , perpendicular V, Kearney Agricultural Center perpendicular V, etc.] have been the main focus of detailed studies and several trials (DeJong et al., 1994) . The primary advantage of V or Y systems is high yields per hectare (Caruso et al., 1998b; Van den Ende et al., 1987) , high yield efficiency (Iannini et al., 2002) , high levels of light interception (Grossman and DeJong, 1998) , reduced incidence of fungal diseases (Rufato et al., 2004) , and improved fruit quality (increased peel color and soluble solid content and more uniform fruit size) (Caruso et al., 1998a) , especially in areas with high levels of irradiance. Perpendicular V or Y systems typically allow for higher tree densities than other open center or vase-shaped canopies; they also show better light interception than spherical canopies or vertical systems and improve light distribution within the canopy because of their two-dimensional light exposure (Caruso et al., 1997; De Salvador and DeJong, 1989; Wagenmakers, 1991) . On the other hand, labor efficiency or yield per unit of labor is generally low in those systems due to the high establishment and management costs, which offset fruit yield and quality improvements over similar crop values and profits of vase-shaped systems (DeJong et al., 1999) . In addition, openvase systems are more profitable than central leader systems (Marini and Sowers, 2000) .
A recent modification of the standard vase is the spanish bush, initially developed in Spain for cherry (Prunus avium L.) and subsequently extended to peach orchards. In this variant, trees are trained to open center by leaving initially six to seven branches, gradually reduced to a final number of four main branches by the 5th year. The vase-shaped canopy is contained within 2.5 m of height by frequent toppings; the result is a relatively compact tree suitable for medium-high density plantings, good light interception by the fairly open canopy, and significantly reduced training and management labor (Long, 2001) . Spanish bush has been recently modified and adapted to cultural conditions of southern Italy; the resulting modified spanish bush (MSB) system seems to be a promising choice for new peach plantings across similar regions. Although to date no yield data are available in the literature for the spanish bush or its modifications, trials on similar compact, open-shaped systems have shown greater production per hectare and fruit size under protected culture (Bellini et al., 2000) and more uniform fruit size (Farina et al., 2005) compared with Y systems.
The right choice of training system and planting density must take into account the costs involved for orchard establishment and management. In this study, a yield and economic analysis was performed on peach and nectarine cultivars to compare Y and MSB orchard systems.
Materials and Methods
The study was conducted in orchards of the OSAS-OPSIBARIT-CAMPOVERDE cooperative located near Castrovillari (39°49# N, 16°12# E and 90 m above sea level), in southern Italy. The observations included two peach (Rich May and Summer Rich) and two nectarine (Big Bang and Nectaross) cultivars and were carried out on four plots of size ranging from 3.5 to 7.5 ha and located within 2 km. The cooperative extends throughout a plain valley area with uniform clay loam soils composed of 47% sand, 31% silt, and 22% clay. Within each cultivar plot, two neighboring subplots were selected, one with trees trained to MSB and the other with trees trained to Y.
The MSB system in this study is a modification of the spanish bush developed with the collaborative effort of the cooperative and extension services of southern Italy. In this system, canopies were trained to four main branches since the 2nd year, while in trees trained to the spanish bush a higher number of branches is left initially to be gradually reduced to four by the 5th year. As a consequence, the MSB variant produces less, but better quality fruit and is less labor intensive in the first years compared with the spanish bush. The MSB trees were lined and planted mechanically (15 h/ha), trained to a height of %2.3 m and the center open at 70°, with spacings of 4.5 m between rows and 2.5 m on the row (888 trees/ha), and a distance of 2 m between canopy tops of adjacent rows; the main scaffold was set at 50 cm from the ground.
In the Y system, trees were trained to a height of %3.3 m, an angle of 75°between the two main branches, with spacings of 5.5 m between rows and 2 m on the row (909 trees/ ha), and a distance of 1.5 m between canopy tops of adjacent rows; the main scaffold was set at 50 cm from the ground. In addition to the two main branches perpendicular to the row direction, two secondary branches were left on each side running parallel to the row but in opposite directions; these branches were located within 1 m from the main scaffold and renewed every year to maintain production in the lower portion of the canopy. Because of crotch angle, length of main branches, and presence of secondary branches, the Y was supported by a system of poles and three levels of wiring. Trees were planted manually (150 h/ha) to get more precise lining with the support system.
All trees were planted in 2007, grafted on Cadaman rootstock and received conventional cultural practices and integrated pest management. Trees were drip irrigated via a single line per row using two drippers per tree and fertilizers were supplied in the irrigation water. MSB trees were chemically weeded along the row and irrigation lines were laid on the ground. On the contrary, because of the presence of low secondary branches, Y trees were soil worked and irrigation lines were raised to %30 cm. Integrated pest control was performed using low-volume sprayers at 1 or 1.5 m 3 · ha -1 per year for MSB or Y system, respectively, because of differences in canopy volumes (Y 30% larger than MSB). MSB trees were topped mechanically, twice a year during the first 2 years from planting, once a year thereafter; selective hand pruning followed topping. Y trees were winter and green pruned only by hand leaving 80-100 fruiting shoots (60 cm long) per tree depending on cultivar fertility. Fruit of MSB trees were hand thinned leaving one fruit every 15 cm of shoot in early-ripening cultivars (small fruit) and one fruit every 10 cm in late-ripening cultivars (large fruit). In Y trees, differential thinning (Caruso et al., 2001 ) was carried out by hand leaving one fruit every 10 cm of shoot in the top part of the canopy and one fruit every 15 cm in the bottom part of the canopy. The general target was to leave 200-220 fruit/tree in MSB, and 260-280 fruit/tree in the Y system. Harvest operations were carried out by hand, from the ground in MSB and with the aid of picking platforms in Y. As indicated, different levels of mechanization were involved in the cultural management of the two training forms.
Yield, fruit size grade, unit price (UP) of sold peaches for each size grade, materials and labor for cultural management and associated costs, fixed costs at planting (FC), and grower's profit (P) were quantified on each plot and expressed on an hectare basis using average data per year (4th-6th), training system and cultivar, or cumulative data across all 6 years per cultivar and training system. Labor efficiency was calculated as the amount of fruit produced divided by the total amount of labor requested for all annual operations. Fruits were machine graded by separating them into seven size categories, namely <50, 51-55, 56-60, 61-66, 67-72, 73-79 , and 80-89 mm. Yield included also unmarketable fruit.
Specifically, P was calculated as (UP -VC) · yield in euro (V)/ha, where VC is variable costs as the sum of production costs (all cultural practices including pest control and fertigation) divided by yield (kg · ha -1 ) in V/kg. The pay-back period (PBP), indicating the time in years that it takes to pay off the additional investment needed to establish the Y system by its additional profit, was calculated as (FC Y -FC MSB )/ (P Y -P MSB ), using in this case the average P of all 6 years (Satienperakul et al., 2009 ).
Average exchange rate for the years of trial was US$1.35 for V1.
Data were collected for six consecutive years from 2008 to 2013. The experimental design was a randomized plot with year as a random replicate. Yield and labor data were analyzed using R (The R Foundation for Statistical Computing, Vienna, Austria) procedures with training system and cultivar as main factors, their interaction as the sole interaction, and year as a random replicate factor in the model. When appropriate, Tukey's test at P < 0.05 was used to separate means. Labor, yield, production value, and profit data were also cumulated over the 6 years and means of the two training forms were compared by t test. Distribution of fruit into size categories was analyzed by fitting Gaussian models with QtiPlot software (Vasilief, 2013) and comparing curve centers (peaks) by t test (between training systems) or analysis of variance (ANOVA) (among cultivars). The Gaussian model adopted to fit data was:
In this case, model parameters were estimated using a continuous scale from 1 to 7 (from small to large fruit) in place of the seven size categories.
Results and Discussion
As expected, fixed costs were lower in the MSB than in the Y system, and specifically 45% lower at planting, 11% lower for fertilization, and 33% lower for pest control (Table 1) . Differences of fertilization and pest management costs were due to differences in planting density and canopy height, respectively. Also, planting operations were entirely mechanized for MSB, although done by hand, and therefore more expensive, in the Y system because of the presence of the trellis structure. Overall, 43% higher fixed costs were associated to the Y system compared with the MSB system. This result was mostly due to the cost of labor and support structures needed to establish the trellis, as well as to higher tree density and bigger canopies associated to the Y compared with the MSB system.
As for partitioning of labor among main cultural practices, labor needed for fruit thinning was similar in both systems, whereas a greater percentage of labor was used for pruning in the Y system and for harvesting in the MSB system (Table 2) . Among cultivars, Nectaross and Summer Rich required less labor for pruning and more for harvesting than Big Bang and Rich May. Also labor associated with cultural practices and tree management was 29% greater in the Y than in the MSB system, regardless of cultivar; whereas Rich May required less labor than the other cultivars, regardless of training system (Table 3 ). The latter was primarily due to differences in yield, with 'Rich May' being less productive than the other cultivars. Pruning generally requires more skilled labor than harvesting, making the Y system management even more difficult and expensive. Overall, establishment costs affected the training system economy more than management costs because of expenses associated with trellising; higher planting density and taller canopies in the Y than in the MSB system determined most of the cost differences during management. In all observed cultivars, the Y system exhibited greater yields than the MSB system, with an average 19% difference in favor of the former (Table 3) . Previous studies had already documented higher yields in the Y system compared with central leader (Caruso et al., 1998b) or standard vase (Grossman and DeJong, 1998) and attributed the increased cropping to greater and better light interception (De Salvador and DeJong, 1989; Grossman and DeJong, 1998 ). Yet, it is worth to mention that cumulated yields (i.e., first 3 years included) were not statistically different between the two systems (Table 3) and that the yield gap between the two systems tended to decrease after the 5th year (Fig. 1) . 'Nectaross' trees exhibited the highest and 'RichMay' trees the lowest yields (Table 3) , although yield trends show that only 'Nectaross' was distinctively producing more than the other cultivars at the full production orchard stage (Fig. 1) .
Fruit distribution into size categories followed Gaussian trends with peaks generally centered on intermediate size classes (Fig. 2) . Among cultivars, Nectaross and Summer Rich generally centered their distribution on larger fruit size classes than Big Bang and Rich May ( Fig. 2; Table 4 ), suggesting overall larger fruits in the former cultivars. This is a genetic difference mostly associated to fruit maturation precocity, i.e., 'Big Bang' and 'Rich May' fruit mature in early June, whereas 'Summer Rich' and 'Nectaross' mature between the end of July and the beginning of August.
Generally, trees trained to the MSB system produced a greater percentage of fruit of the larger size categories (Fig. 2) , indicating that fruit were bigger in the MSB than in the Y system. Further proof of the latter is the greater curve center value for MSB compared with Y in all cultivars (Table 4) , indicating peaking of the MSB system at larger size categories than the Y system. Greater fruit size and lower yields in the MSB compared with the Y system suggest that there were fewer fruits on the tree, and probably a better leaf to fruit ratio, in the MSB than in the Y system. An inverse relationship between peach crop load and fruit size is expected and it has been documented in several studies (Berman and DeJong, 1996; Blanco et al., 1995; Inglese et al., 2002; Naor et al., 1999; Rowe and Johnson, 1992) . As a result of yield levels and amount of labor required, the MSB system was %12% more efficient than the Y system in terms of kilograms of fruit produced per hour of labor. The difference in favor of the MSB system was particularly evident in 'Summer Rich' trees with over a 30% difference (Table 5) . 'Nectaross' was generally the most labor efficient because of high yields.
Unit crop value was similar in the two training systems, but different among cultivars with values somewhat inversely related to yield (Table 6 ). These unit crop values were calculated after real market sales and were the result of several variables, including but not limited to fruit grade. Other factors affecting unit value were related to fruit type (nectarine vs. peach), maturation precocity and marketing period, as well as external and internal fruit quality (probably inversely related to yield). On the other hand, total production values were directly related to yields, with 'Nectaross' having the highest and 'Rich May' the lowest values (Table 7) . Contrary to yields, there was no significant difference between the two systems in terms of average production values, but a nearly significant difference in terms of cumulated production value. The resulting profits varied greatly and no statistical difference was found among cultivars or training systems (Table 7) . Nevertheless, average differences among cultivars ranked 'Rich May' as the least profitable cultivar with a profit loss of %V3000 every year compared with the other cultivars if trained to MSB (Table 7) . Low profit in 'Rich May' trained to MSB was mostly due to low yields and in part to small fruit. When yearly profits were calculated using the data of all 6 years from planting, 'Nectaross' was more profitable under the Y system than under the MSB system (data not shown). Even for the most profitable cultivar under the Y system (i.e., Nectaross), the PBP (years needed to pay off the additional investment of establishing a Y by its additional profit) was almost 11 years, indicating an advantage of the Y system over the MSB by the 12th year from planting, and only for 'Nectaross'. Such timing is definitely unsustainable for any fruit grower.
Conclusions
Overall, trees trained to MSB produced fruit of similar value and yearly profit compared with trees trained to Y. Hence, the high amount/cost of labor to manage Y trees along with the high initial costs to establish the Y system indicate a better financial performance of the MSB compared with the Y system. In addition, the high amount of labor, fuel, and materials involved in the establishment and management of the Y system clearly indicates more environmentally sustainable conditions in the MSB than in the Y system. Expected trends for the years following the sixth and up to the average peach orchard life (12th-15th) are likely to confirm the observed results, or even increase the economical advantage of the MSB over the Y because MSB trees may y Letters indicate differences among cultivars by Tukey's test at P < 0.05, whereas P value indicate significance level for training system effect (ANOVA). Nonsignificant training system · cultivar interaction (P = 0.730). Table 7 . Average (from year 4 to 6, V/ha/year) and cumulative (from year 1 to 6, V/ha) production value and profit z for the four cultivars in trial trained to modified spanish bush (MSB) 
